Abstract Fatty methylydrazides (FMHs) have been successfully synthesized from palm oil. Glycerol was produced as a by-product. The synthesis was carried out by reflux palm oil with methylhydrazine in hexane. FMHs have been characterized using elemental analysis, Fourier transform infrared spectroscopy and 1 H nuclear magnetic resonance technique. The results showed that a 6:1 molar ratio of palm oil to methylhydrazine, a round 78 % maximum conversion of palm oil into FMHs and a 10 h reaction time are the optimum reaction conditions.
carboxyl-protecting group in peptide synthesis, a resin-linker for the solid-phase synthesis of peptide esters and amides, thioesters, and lapidated [2] . Stefan et al. [3] reported that the reactions of hydrazides modified oligonucleotides like amines but they have lower pK a (4-5) than pK a of primary amine (10) (11) . Recently, the hydrazides have attracted considerable attention due to their biological and environmental activities. It can be used as tuberculostatic [4] , antibacterial, anticancer agent [5] , and as an organic reagent to determined trace of metals in aqueous solution based on the reaction of hydrazide with them [6] .
Synthesis of hydrazide from the reaction of ester with hydrazine hydrate has been prepared using different sources of heating [7] . Hydrazide compound is also synthesized by reaction between isonicotinate and hydrazine hydrate with different lipases. The effects of various parameters on the conversion and the rates of the reaction were studied in the presence of Novozym as a catalyst [8] . Nadia et al. [9] synthesized p-amino salsalic hydrazide from ester with hydrazine hydrate and studied its properties. In addition, many studies have been carried out on the synthesis of hydrazide derivatives from different amides and carboxylic acid [4, 5] . Enzymatic synthesis of fatty hydrazide from palm oil products has been reported by Mohamad et al. [10] .
This study describes synthesis of fatty methylhydrazides directly from palm oil and methylhydrazine using refluxing method in presence of hexane. In addition to medical application of fatty methylhydrazides, the presence of long-chain fatty acids from palm oil containing O and N atoms suggests fatty methylhydrazides should be very useful as organic reagents for extraction and separation of metal ions from aqueous solution [11] [12] [13] . Additionally, these fatty nitrogen compounds can be used as surfactants in clay modification to produce polymer nanocomposites [14] [15] [16] [17] [18] .
Experimental

Materials
Palm oil was obtained from Ngo Chew Hong Oils and Fats (M) Sdn. Bhd., Malaysia (NCHOF), Selangor, Malaysia. Methylhydrazine, hexane, cyclohexane, chloroform, and heptane were obtained through local suppliers from Merck (Bundesland, Germany).
Synthesis of FMHs
Palm oil in hexane and methylhydrazine were refluxed at boiling point of hexane for 10 h using thermostated round bottom flask equipped with a water-cooled condenser and a magnetic stirrer. The product was dissolved in hot hexane and separated from bottom layer by separating funnel. The hexane phase was cooled in a refrigerator for 5 h to obtain fatty methlhydrazide and then filtered and washed by hexane for several times and dried in a vacuum desiccator over phosphorous pentoxide. The preparation reaction is shown in the Scheme 1.
Measurement of conversion
The conversion of palm oil into FMHs acid carried out by using the optimum reaction conditions as presented in Table 1 . The conversion percentage of palm oil reaction was calculated using the following Eq. (1).
Conversion ð%Þ ¼ mmol fatty methylhydrazides mmol fatty acides in palm oil Â 100 ð1Þ
Depend on nitrogen content of dry FMHs analyzed by the elemental analysis; the amount of mmol product was determined. The amount of mmol fatty acid in the palm oil was calculated from mmol of potassium hydroxide required to saponify 1 g of palm oil [16] .
Characterization
Qualitative analysis of amide groups of FMHs was carried out by observing the colored complex formed after the ethanolic solution of the FMHs react with Scheme 1 Fatty methylhydrazide synthesis from palm oil copper(II). The functional groups in FTAs were also determined by FTIR spectra. FTIR spectra of the products were recorded by the FTIR spectrophotometer (PerkinElmer FT-IR-Spectrum BX, USA) using KBr disc technique Elemental analyzer (LECO CHNS-932) was used for quantitative analysis of nitrogen contents. The determination was carried out under N 2 atmospheric conditions using sulfamethazine as the standard. The presence of N-H proton in FMHs was determined by 1 H nuclear magnetic resonance (Joel, Japan) using CDCl 3 as a solvent.
Results and discussion
Effect of methylhydrazine/palm oil molar ratio
The molar ratio of methylhydrazine to palm oil is one of the important parameters that affect the conversion to fatty methylhydrazide. Stoichiometrically, 3 mol of methylhydrazine are required for each mole of palm olein; but in practice, the hydrazinolysis reaction generally requires a large excess of hydrazine hydrate to shift the equilibrium favorably. Table 1 illustrates the change of the conversion under these reaction conditions as a function methylhydrazine/palm oil ratio (mmol/mmol). As shown in this table, when the methylhydrazine-feeding amount increased, the conversion was increased considerably. The maximum conversion of about 78 % was obtained when the molar ratio was very close to 6:1. Beyond the molar ratio of 6:1, there was no substantial increase in the conversion. Therefore, a 6:1 molar ratio of hydrazine hydrate to palm oil was suitable for obtaining high conversion.
Effect of reaction time
The optimum reaction time for the production of fatty methylhydrazide was determined by performing reaction at varying reaction time in the range 1-12 h. The experimental results, reported in Table 2 that the conversion increased rapidly in the reaction time range between 1 and 10 h, and thereafter the increase was just slightly for longer reaction times due to either the reaction become an equilibrium state or a lower limit of the mass transfer rate. Thus, the maximum conversion of palm oil was achieved at 10 h of reaction time.
Effect of organic solvents
Organic solvent in reaction system offer the potential for high substrate and product solubilities, facilitated recovery of product, and shift of reaction equilibrium. In this study, the effects of organic solvent on FMHs of palm oil were investigated. Hexane, cyclohexane, chloroform, and heptane were individually used as organic solvent. It was found that hexane is the most effective solvent for FMHs as shown in Table 3 due to higher solubility of the substrate and ability of separation product and substrate into two phases. In the other word, the effectively of hexane because it is more hydrophobic than other solvents (log-p = 3.5) [17] .
Under the reaction conditions stated above, the highest conversion percentage of palm oil into FMHs was around of 78 %. The acid value of the final product was 0.42 (mg KOH/g sample).
Characterization of FMHs
In addition to 1 H NMR and FTIR spectra, elemental analysis were used to verify that FMHs are successfully produced from palm oil.
In the FTIR spectra, characteristic bands of palm oil were observed at, 2,912, 2,853, 1,744 cm -1 resulting from, C-H asymmetric stretching of CH 2 , C-H symmetric stretching of CH 2 , C=O stretching of ester (glyceride), respectively [12] . The FTIR spectrum of unsaturated fatty methylhydrazide were observed at 3,427, 3,045, 1,633, and 1,602 cm -1 , which can be assigned to, N-H stretching, C-H alkenes (C=C-H) stretch, C=O stretching hydrazide, and C=C alkenes, respectively. 1n addition, N-H bending was at 1,631 cm -1 and C-N stretching is at 1,039 cm -1
( Fig. 1) . 1 H NMR technique was used for the analysis of FMHs sample. The proton of N-H in the FMHs structure was observed in the region 8.84 ppm indicating that methylhydrazine successfully reacts with triacylglycerides in palm oil to form fatty methylhydrazide.
Complexes of fatty methylhydrazide with copper(II) is green, which is a common color of the complex observed when this metal ion reacts with amide group [10] .
Elemental analysis was also carried out to confirm the presence of nitrogen atoms in the products, and consequently the sign of fatty methylhydrazide forming. Micro analysis of FMHs gave 10.02 % nitrogen. 
Conclusions
This study shows that fatty methylhydrazides (FMHs) have been synthesized successfully from palm oil and methylhydrazine by refluxing method and characterized using FTIR spectroscopy, 1 H NMR spectrophotometer, and elemental analysis. Factors affecting the conversion of palm oil for FMHs synthesis were investigated to find the optimum conditions for each parameter. It was found that the amount of methylhydrazine/palm oil ratio (mmol:mmol) and reaction time are 6:1 and 10 h, respectively. The effects of organic solvent on FMHs of palm oil were also studied. Hexane was the best solvent than the others because it gave the highest conversion. The maximum conversion under these optimum reaction conditions was around 78 %. In the present work, fatty methylhydrazides were manufactured under simple conditions from inexpensive renewable resources that are considered environmentally friendly.
